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ABSTRACT
Liver transplantation (LT) represents the best treatment for end-stage chronic liver disease, acute liver failure and early
stages of hepatocellular carcinoma. Radiologists should be aware of surgical techniques to distinguish a normal
appearance from pathological findings. Imaging modalities, such as ultrasound, CT and MR, provide for rapid and reliable
detection of vascular and biliary complications after LT. The role of imaging in the evaluation of rejection and primary
graft dysfunction is less defined. This article illustrates the main surgical anastomoses during LT, the normal appearance
and complications of the liver parenchyma and vascular and biliary structures.
INTRODUCTION
Liver transplantation (LT) has become an accepted therapy
for acute and chronic end-stage liver diseases and the early
stages of hepatocellular carcinoma (HCC).1 Although ini-
tial efforts were unsuccessful, after several years of
improvements in surgical techniques and the introduction
of new immunosuppressive agents, LT currently has a 5-year
survival rate of approximately 75%.2–4 Deceased donor LT is
the typical surgical technique adopted; however, owing to
a lack of appropriately sized donors and the high mortality
rate among children on the waiting list, split LT and, sub-
sequently, living donor LT (LDLT) have been introduced
since the late 1980s.
Although adult-to-adult LDLT remains the first choice
among transplantation procedures in most Asian countries
due to a lack of deceased donors in these areas, LDLT is less
commonly undertaken in Western countries because of the
greater availability of deceased donors. This fact is espe-
cially true for the UK because of a recent increase in the
deceased donor pool. Despite the progressive refinements
in surgical techniques and immunological therapies,
complications after LT still significantly contribute to the
morbidity and mortality of the patients. Post-operative
imaging surveillance is important for reducing the impact
of complications and increasing graft and patient survival.
IMAGING MODALITIES
The role of imaging after LT has focused on the identification
and differentiation of vascular and biliary complications, and
imaging shows typical findings, including rejection and graft
dysfunction. The main imaging tools are ultrasound, CT
and MR.
Ultrasound
Ultrasound is the primary imaging modality in the de-
tection and follow-up of early and delayed complications of
LT. First, it can be easily performed at the bedside in the
intensive care unit during the early post-transplantation
phase; it is accessible and non-invasive; and it avoids the
use of ionizing radiation. If performed by expert operators,
the results are highly reliable.5 Ultrasound examination
requires greyscale and Doppler evaluation for the assessment
of the liver parenchyma, biliary tree and vessels. On greyscale
evaluation, the normal LT has a homogeneous echogenicity
(Figure 1). Pulsed and colour Doppler examination is per-
formed complementarily to evaluate vessel patency and flow
spectra. The Doppler waveform of a normal hepatic artery
shows rapid systolic upstroke with continuous diastolic flow.
The acceleration time should be ,80ms and the resistive
index (RI) should be between 0.5 and 0.7 (Figure 2a). In-
creased resistance with RI values .0.8 is a normal finding
during the first 72h post-operatively; the RI usually returns
to the normally expected pattern in a few days. In the early
post-transplantation period, an RI ,0.6 is highly predictive
of hepatic artery complication (sensitivity of 100% and
specificity of 80%).6,7
The portal vein Doppler waveform shows a continuous flow
towards the liver with slight velocity variations induced by
respiration. The hepatic veins and inferior vena cava (IVC) show
a phasic flow pattern, reflecting the changes in the blood flow
during the cardiac cycle (Figure 2b,c).8
When the interpretation of Doppler studies is inconclusive or
challenging, contrast-enhanced ultrasound has been recom-
mended for the evaluation of vascular complications after LT
with sensitivity near 100% and specificity ranging from 70%
to 100%.9–11
CT
CT is a second-line imaging technique that is generally used to
confirm or exclude clinical suspicious and/or ultrasound find-
ings. The introduction to clinical practice of multidetector CT
(MDCT) has allowed for the acquisition of the whole volume of
the abdomen, pelvis and possibly also the thorax in a few sec-
onds with high spatial and temporal resolution, thus enabling
the incorporation of both angiographic and parenchymal studies
into a single acquisition. This ability is an advantage in obtaining
Figure 1. Ultrasound normal appearance greyscale. (a) Subcostal oblique ultrasound image obtained through the hepatic confluence
shows the right hepatic vein. The hepatic parenchyma appears homogeneous. (b) No fluid collections are found in the hepatorenal space.
Figure 2. Ultrasound Doppler evaluation of hepatic vessels. (a) Doppler ultrasound image and pulsed Doppler waveform of the
hepatic artery in a recipient with liver transplantation. The waveform indicates a resistive index of 0.79 (normal range, 0.5–0.8).
(b) The main portal vein shows a normal continuous waveform with mild velocity variations due to respiration. (c) The hepatic vein
Doppler examination shows fluctuations across the baseline, which characterizes the normal triphasic pattern.
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rapid diagnosis and better image quality in critical and less co-
operative patients.12 CT has shown very high sensitivity (100%),
specificity (89%) and diagnostic accuracy (93%) in the evaluation
of vascular complications compared with digital angiography.13,14
The typical acquisition parameters and execution protocol for
liver CT are summarized in Table 1. In the first few days after LT,
periportal oedema is commonly observed on CT, and it manifests
as tiny narrowing fluid-attenuated signs near portal spaces due to
interruption of the lymphatic system. Enlarged lymph nodes
should also be noted.15
MR
MR, performed with high field magnets (1.5 or 3.0 T), is the
preferred non-invasive modality for investigating biliary compli-
cations. The MR protocol and sequence parameters for the study
of liver parenchyma after LTare detailed in Table 2. Moreover, MR
cholangiography (MRC) technique is also required; it enables
a detailed portrayal of the bile ducts which appear as markedly
hyperintense structures. This technique is based on three-
dimensional or two-dimensional heavily T2 weighted sequences
using fast spin echo or single-shot fast spin echo techniques.16–18
MRC can depict the biliary system without direct contrast in-
jection, in contrast to direct cholangiography procedures. The bile
ducts are so represented in their normal state and are also visible
below and above obstruction sites, regardless of the use of contrast
agents.19 Alternatively, the biliary tree should be visualized by
using MR hepatobiliary contrast agents (gadobenate dimegluime
or gadoxetic acid).20,21 Their application is useful for demon-
strating bile leakage or for evaluating bileodigestive anastomosis
(AST) and bile cast syndrome.22 As previously described, peri-
portal oedema is often observed in the immediate post-operative
period. On MR images, it is seen as a periportal “collar” of low
signal intensity on T1 images and high signal intensity on T2
images, respectively, and should not be interpreted as a sign of
acute rejection.23
SURGICAL TECHNIQUES
Understanding surgical techniques is important for assessing
recipients of LT and for finding associated complications. During
LT, attention must be paid to vascular and biliary ASTs.
Table 1. Multi-detector CT (64-slice) parameters and acquisition protocol for liver examination at our institution
Parameters Unenhanced Late arterial phasea Venous phase Delayed phase
kVp 120 120 120 120
mAs 240 240 240 240
Scanning time (s) 11 11 11 11
Kernel Soft tissue (B 20) Soft tissue (B 20) Soft tissue (B 20) Soft tissue (B 20)
Slice thickness (mm) 3 1/3 3 3
Gantry revolution time (s) 0.33 0.33 0.33 0.33
aThe scan delay before initiation of hepatic arterial phase imaging was determined by means of bolus tracking with automated scan triggering (CARE
Bolus; Siemens Solutions, Erlangen, Germany). Arterial phase scanning begins automatically 18 s after a trigger threshold of 150HU was reached in the
supracoeliac abdominal aorta.
Table 2. MR imaging and MR cholangiography parameters and acquisition protocol
MR
sequence
T2 weighted
2D TSE
T1 weighted
2D GRE
T2 weighted 3D ISO
“respiratory triggered”
T2 weighted 2D
SS TSE
T1 weighted
3D GREa
Fat suppression With/without Without With With With
Contrast agent
Pre-contrast
images assessed
Pre-contrast
images assessed
Pre-contrast
images assessed
Pre-contrast images
assessed
Pre- and post-contrast
images assessed
TR/TE 4000/176 140/2.2–4.4 2500/683 4500/754 5.7/2.8
Flip angle
(degrees)
150 90 140 180 10
Section
thickness (mm)
5 5 1 50 2.5
Matrix 1923 256 1923 256 3843 341 3843 341 1923 256
Bandwidth
(Hz/pixel)
260 260 150 150 250
Field of
view (cm)
30–50 30–50 30–50 30–50 30–50
2D, two-dimensional; 3D, three-dimensional; GRE, gradient recalled echo; ISO, isotropic; SS TSE, single shot turbo spin echo; TE, echo time;
TR, repetition time; TSE, turbo spin echo.
aT1 weighted 3D spoiled gradient recalled echo images were acquired at approximately 25, 60 and 150 s after contrast administration during the
arterial, portal venous and delayed phases, respectively, and during the delayed hepatobiliary phase at approximately 20min (gadoxetic acid ) or
75min (gadobenate dimeglumine).
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The most common hepatic arterial AST is end-to-end AST be-
tween the common hepatic artery of the donor and the proper
hepatic artery of the recipient.15,24–26 Knowledge of this typical
morphological appearance can help to prevent the erroneous
diagnosis of pseudoaneurysm (Figure 3). Variants in hepatic ar-
tery ASTs encountered are the aortohepatic interposition conduit,
the splenohepatic AST and the gastroduodenal–hepatic AST.15,27
The portal vein AST is an end-to-end AST between the portal vein
of the donor and the recipient. In cases with portal vein throm-
bosis (PVT), adequate portal inflow can be guaranteed using
a vascular graft from the superior mesenteric vein or renal vein.15
At the beginning, for the AST of the hepatic veins, the bicaval
technique was adopted, where the retrohepatic IVC of the re-
cipient was resected, and the IVCs of the recipient and the donor
were sutured with an end-to-end AST between the superior and
inferior ends (Figure 4a). By now, the “piggy-back” technique is
the most commonly used; it is an end-to-side AST between the
donor IVC and the common stump of recipient hepatic veins.
This technique has several advantages: there is no surgical dis-
section of the retrocaval space; normal caval flow is maintained
during the anhepatic stage of surgery, thereby allowing trans-
plantation to be performed without the need for venovenous
bypass; and it reduces the overall duration of the surgery.28 The
main drawback of this technique is venous outflow obstruction,
which can lead to acute Budd–Chiari Syndrome: a side-to-side
cavocavostomy during the piggy-back technique significantly de-
creased the incidence of venous outflow obstruction (Figure 4b).29
The most common biliary AST is an end-to-end AST between
the two common bile ducts (Figure 5a). If the recipient’s
Figure 3. Hepatic artery anastomoses. (a) The conventional “fish mouth” anastomosis between and the common hepatic artery (CHA)
of the recipient and the CHA of the donor. (b) Axial maximum intensity projections image shows a pseudoaneurysm appearance
(asterisk) of the anastomotic site between the gastroduodenal artery (GDA) of the recipient and the CHA of the donor. HA donor,
hepatic artery donor; LHA, left hepatic artery; RHA, right hepatic artery; SA, splenic artery; SMA, superior mesenteric artery.
Figure 4. Inferior vena cava (IVC) anastomoses. (a) CT post-contrast image shows end-to-end anastomosis. To note the surgical
clips at the superior and inferior anastomotic sites (arrowheads). (b) Maximum intensity projections sagittal shows a cavoplasty
outflow connection, where the graft of the IVC is patched directly onto an incised recipient IVC. IVC d, IVC donor; IVC r, IVC
recipient; MHV, mid hepatic vein; RHV, right hepatic vein; VIs HV, hepatic vein for the sixth segment.
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common bile duct is affected by primary sclerosing cholangitis,
or if it is too short and too small, choledochojejunostomy is
performed (Figure 5b). This technique was associated with in-
creased complications of bacterial overgrowth, cholangitis or
abscess.30
COMPLICATIONS
Complications after LT should be classified into early or late (be-
fore or after 3 months) and surgical and non-surgical (Table 3).
Rejection
Rejection remains a common complication after LT despite
improvements in immunosuppression therapy. It should be
classified as acute or chronic. Acute rejection is usually of lesser
significance with regard to prognosis, and it responds well to
additional immunosuppression.31 Clinical and laboratory find-
ings are non-specific and indistinguishable from those observed
in other complications. The role of imaging is limited due to
non-specific findings, and it consists of excluding complications
with clinical signs and symptoms similar to those of rejection.
On ultrasound and Doppler, acute rejection should appear as
non-homogeneity of the liver parenchyma with hypo-
echogenicity of the periportal space due to oedema. On CT, the
liver parenchyma should manifest low attenuation values in the
periportal oedema space (Figure 6). On MR, the periportal
oedema space appears as low signal intensity on T1 weighted
images and as high signal on T2.
32 Chronic rejection is caused by
immunological disorders, which can lead to irreversible damage
to the liver arteries, veins and bile ducts.
Primary graft dysfunction
Primary graft dysfunction (PGD) is a severe complication after
LT and a cause of mortality and graft loss. There is no consensus
on the definition of PGD. However, it is universally accepted that
PGD exhibits different degrees of severity from initial poor
function (IPF) to primary non-function (PNF).33 IPF is a re-
versible borderline syndrome that directly influences allograft
survival. PNF is immediately decreased liver function within the
first 48 h leading to graft loss. The incidence of IPF ranges from
5.2% to 36.5%, whereas the incidence of PNF ranges from 0.9%
to 7.2%.34 Imaging does not play a role in the diagnosis of PGD,
which is achieved with laboratory chemistry (elevated serum
transaminases, coagulopathy and reduced bile output, as well as
metabolic acidosis, hyperkalaemia and renal failure) and liver
biopsy. Non-specific findings, such as non-homogeneity of the
liver parenchyma and periportal oedema space, should be noted
(Figure 7). Patients with PNF need to undergo retransplantation.
Figure 5. Bile duct anastomoses. (a) Maximum intensity projections reconstruction of three-dimensional thin-slab fast spin-echo T2
weighted images show a regular hepaticocholedochostomy. (b) Coronal MR contrast-enhanced image obtained after intravenous
administration of a hepatobiliary contrast agent (gadoxetic acid); cholangiography shows a normal hepaticojejunostomy.
Table 3. Classification of complications after liver transplantation
Complications Surgical Non-surgical
Early
Vascular
complications
Acute cellular rejection
Biliary
complications
Primary dysfunction
Abscess
Haematoma
Late
Vascular
complications
Chronic ductopenic
rejection
Biliary
complications
Recurrence or de novo
neoplasm
Figure 6. Acute rejection. Axial contrast-enhanced CT image
shows low attenuation of the liver parenchyma due to tissue
patency, periportal oedema space (arrows) and ascites (asterisk).
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HEPATIC ARTERY COMPLICATIONS
Thrombosis
Hepatic artery thrombosis (HAT) is a common and dreaded
complication after orthotopic LT (OLT), and it should be clas-
sified as early or late. The incidence of early HAT is approxi-
mately 5%, and it is a major cause of graft loss (53.1%) and
mortality (33.3%) in the early post-operative period. Apart from
surgical (technical) causes (kinking, stenotic AST, small donor
or recipient vessels), several non-surgical causes have been de-
scribed, such as acute rejection, sluggish flow through the he-
patic artery, increased cold ischaemic time of the donor liver and
ABO blood type incompatibility.24,35,36 Late HAT is associated
with chronic rejection and sepsis. The bile ducts of a LT, unlike
in a native liver, are dependent entirely on arterial blood from
the hepatic artery. As a consequence, HAT has a devastating
effect on the biliary epithelium, inducing ischaemia and ne-
crosis. Initially, symptoms, signs and abnormal laboratory values
are absent in early HAT; therefore, routine Doppler ultrasound
screening is very important.37 On colour and pulsed Doppler,
HATmanifests as the absence of flow in the proper hepatic and
intrahepatic arteries (Figure 8a). Duplex Doppler imaging
findings allow for a correct diagnosis in 92% of cases. Later,
HAT in the arterial collateral vessels can develop, and intra-
hepatic flow can be identified.38 Nevertheless, the intrahepatic
arterial waveform will be abnormal, displaying a tardus–parvus
pattern with an acceleration time .80ms and a RI ,0.5.6 The
criterion for the diagnosis of HAT is abrupt cut-off of the he-
patic artery, usually at the site of the AST. CT angiography using
MDCT provides for good depiction of small vessels, such as
hepatic artery and its thrombosis (Figure 8b). Acute HAT can
appear as high-density narrowing on unenhanced scans.39 Good
correlation was found between MR angiography and conven-
tional angiography in the detection of arterial abnormalities.40
Stenosis
Incidence of hepatic artery stenosis is about 11% of trans-
plantation recipients, and it occurs often at the anastomotic
site.1 It usually results from clamp injury, intimal trauma caused
by perfusion catheters at the time of surgery, or disrupted vasa
vasorum, leading to ischaemia of the arterial ends. It can develop
into biliary ischaemia, causing hepatic dysfunction.
Spectral analysis shows a velocity .3m s21 at the stenotic site
with flow turbulence visualization distal to the stenosis.2
Figure 7. Primary non-function. Ultrasound (a) and CT (b); after intravenous administration of contrast agent, images revel non-
homogeneity of liver parenchyma. To note the presence of ascites (asterisks) which is a sign of liver patency.
Figure 8. Hepatic artery thrombosis. (a) Colour Doppler image at the “porta hepatis” does not reveal blood flow within the hepatic
artery. (b) The corresponding CT coronal image acquired during the arterial phase shows the thrombosis of the hepatic artery of the
donor at the anastomotic site (arrow).
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Intrahepatic arterial disease can display a tardus–parvus pattern
with a decreased RI and prolonged acceleration time: a similar
pattern should be noted in HAT with collateralization. On CT,
hepatic artery stenosis is detectable as a filling defect within the
hepatic artery during the arterial phase (Figure 9). Maximum
intensity projection or volume rendering imaging of coronal or
oblique coronal plane is essential for the depiction of focal
stenosis of the hepatic artery. Treatment includes balloon an-
gioplasty or retransplantation.
Pseudoaneurysm
Hepatic artery pseudoaneurysm is an uncommon complication
that can cause a major artery haemorrhage. It usually develops at
the vascular AST as a complication of angioplasty or in an
intrahepatic arterial branch as a complication of needle biopsy
or local infection.25,36,41 Treatment for extrahepatic pseudoa-
neurysms includes surgical resection, embolization or exclusion
with stent placement. Intrahepatic pseudoaneurysms can be
treated with endovascular coil embolization. On ultrasound
imaging, pseudoaneurysm appears as an anechoic structure near
the vessel course, showing turbulent, bidirectional or even slow
monophasic flow on Doppler ultrasound.25 Lesion confirmation
is obtained by MDCT angiography or MR angiography, which
depicts contrast distribution within the lesion similar to that of
the arterial vessels (Figure 10).42
Arterial steal syndrome
Arterial steal syndrome after OLT is characterized by arterial
hypoperfusion of the graft, caused by shifting of the blood flow
into the splenic or gastroduodenal artery.43 It has an incidence of
approximately 6% and can cause ischaemic biliary tract de-
struction, sepsis and graft failure. The treatment for steal syn-
drome is interruption of the splenic arterial flow through
splenectomy, embolization or banding of the splenic artery for
reduction without interrupting the blood flow.44
PORTAL VEIN COMPLICATIONS
Thrombosis and stenosis
PVT and stenosis have an incidence of approximately 1–2%.24,35
The main causes are technical problems, portal vein surgery or
previous thrombosis, and hypercoagulable states.12,40,42 Clinical
manifestations range from the absence of symptoms to variceal
Figure 9. Hepatic artery stenosis. Colour and spectral Doppler image of hepatic artery shows a tardus–parvus waveform with
a prolonged acceleration time and decreased resistive index 0.27 (normal range, 0.5–0.8). Axial maximum intensity projection of the
hepatic artery shows tiny calibre and irregular margins of the arterial vessel (arrow).
Figure 10. Hepatic artery pseudoaneurysm. (a) MR angiography reveals a rounded lesion along the hepatic artery at the anastomotic
site with homogeneous contrast enhancement. (b) After stent placement, the pseudoaneurysm is not completely excluded.
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haemorrhage, ascites and graft dysfunction. The treatment for
symptomatic cases is thrombolysis or surgery (thrombectomy,
venous graft). When thrombosis has occurred, an echogenic
filling defect can be observed in the portal vein; eventually, an
acute thrombus becomes anechoic. Colour or power Doppler
images and pulsed Doppler waveforms show a lack of portal
venous flow.5 Partial PVT is less common and has less clinical
significance than complete PVT, and it is generally incidentally
found during patient follow-up. The associations among a lack
of portal trunk detection, a hypertrophic hepatic artery and
multiple, thin venous vessels at the porta hepatis suggest the
evolution of PVT into cavernomatosis. Sometimes, the portal
flow is so minimal that it is not detected on ultrasound and
further evaluation is necessary. A peak anastomotic velocity
.125 cm s21 is 73% sensitive and 95% specific for the diagnosis
of portal vein stenosis. An anastomotic-to-pre-anastomotic ve-
locity ratio of 3 : 1 is 73% sensitive and 100% specific for ste-
nosis.45 Portal vein stenosis at CT and MR manifests as an
intraluminal filling defect and focal narrowing at anastomotic
sites (Figure 11).
HEPATIC VEIN COMPLICATIONS
Thrombosis and stenosis
Thrombosis and stenosis have an incidence of ,1% that can reach
4% with “piggy-back” AST, and they significantly increase in fre-
quency with LDLT.46 Generally, they occur at the anastomotic
site and can be caused by surgical technique, IVC compression
by the liver graft or fluid collection (Figure 12). Hepatic vein
thrombosis manifests as an intraluminal filling defect and
a lack of blood flow. Hepatic vein stenosis at ultrasound reveals
a venous pulsatility index of ,0.45 and monophasic wave-
forms .45,47 The treatment options for stenosis are stenting or
angioplasty.
BILIARY COMPLICATIONS
Adverse biliary tract events are the most common complications
after LT, and they represent the major source of morbidity in
patients receiving LT, with an incidence of 5–32%. They include
bile leaks, anastomotic and non-anastomotic strictures (NASs),
biliary stones, sludge and casts, and they are more commonly
discovered during the early post-operative period.48
Biliary leaks
The occurrence of biliary leaks is typically in the early phase
after transplantation at the anastomotic site or at the T-tube
insertion site.49 The incidence of bile leaks ranges from 2% to
25% of transplanted livers, and it can be classified into two
categories: early bile leaks, which present within 4 weeks of OLT,
and late bile leaks, which present beyond this time.50–53 Small
bile leaks tend to resolve spontaneously, and they can be mon-
itored over time. By contrast, larger leaks translate into biloma
formation, with increased risks of superinfection and sepsis.
Figure 11. Portal vein stenosis. (a, b) Axial and coronal CT images show a severe portal vein stenosis (arrowheads) at site of the
anastomosis. To note the presence of thrombus within the superior mesenteric vein (asterisk).
Figure 12. Outflow obstruction. (a) Coronal CT image after contrast agent injection reveals a supraanastomotic stenosis of the
inferior vena cava (arrow). To note on the axial image (b) secondary findings including hepatomegaly, ascites and signs of
Budd–Chiari syndrome (liver mosaic pattern perfusion).
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Ultrasound, CT and MRC can generally be employed to identify
a biliary leak and/or bilomas.54,55 Bilomas are easily detected on
ultrasound as anechoic collections in the perihepatic and sub-
hepatic space; on CT, they appear as low-density collections,
whereas on MR, they appear hypointense on T1 and hyperin-
tense on T2 (Figure 13). However, bilomas or intraperitoneal
bile is an indirect sign of leakage, and these signs are virtually
indistinguishable from fluid collection and ascites. Although
imaging findings provided by cross-sectional modalities might
be suggestive of biliary leakage in a proper clinical setting, they
are frequently non-specific, with a reported diagnostic accuracy
ranging between 70% and 74%.56 Contrast-enhanced MRC with
intravenous administration of hepatobiliary contrast agents can
be extremely helpful in localizing bile leak, which is not gener-
ally possible on unenhanced T2 weighted MRC.
57 Indeed, using
contrast-enhanced MRC, we can demonstrate active biliary
leakage by visualizing contrast medium extravasation into the
fluid collection, so we can also localize the anatomic site of the
bile leak (Figure 14). To confirm the presence of an active leak,
invasive procedures, such as percutaneous transhepatic cholan-
giography or endoscopic retrograde cholangiopancreatography,
should be finally performed to demonstrate contrast agent ex-
travasation from the biliary system.
Biliary strictures
Biliary strictures constitute the most frequent type of late biliary
adverse events, occurring approximately 5–8 months after OLT,
and they can be classified according to their location in the
strictures of the biliary AST and NASs (Figure 15a,b).58 The
incidence of biliary strictures ranges from 5% to 34% of patients
receiving LTs.54,59 Rapid identification of AST and NAS is im-
portant for ensuring the survival of both the organ and the
patient after OLT. Ultrasound is useful for detecting biliary di-
latation as an indirect sign of strictures. MRC is the best non-
invasive technique in the evaluation of biliary strictures, both in
the early and late post-operative periods. It shows narrowing at
the level of the surgical AST associated with dilatation of the pre-
anastomotic biliary tract. MR images can easily depict regular
thickening of the anastomotic biliary wall, with a typical ring
shape.60,61 MRC tends to overestimate biliary strictures
(Figure 15c,d). Biliary stones and sludge usually complicate
anastomotic or non-anastomotic strictures, occurring at both
the intrahepatic or extrahepatic bile ducts as the consequence of
bile stasis (Figure 16).
Haematoma
Haematoma usually manifests within 2 weeks after transplantation,
and it occurs near the vascular ASTand/or in the perihepatic space,
owing to surgical removal of the normal peritoneal reflections in
the right subhepatic space.5,15 Haematoma is echogenic on ultra-
sound, hyperattenuating on CT and hypointense on T2 weighted
MRI (Figure 17). Most haematomas will resolve spontaneously
within a few weeks, but in some cases, superimposed infection can
require catheter drainage or aspiration.
Figure 13. Biloma. (a) Coronal T2 weighted image shows a fluid collection at the “porta hepatis”. (b) Contrast-enhanced MR
cholangiography demonstrates the absence of connection between the bile ducts and biloma.
Figure 14. Bile leakage. (a–c) Contrast-enhanced MR cholangiography reveals (at different levels) a biliary leakage along the surgical
cut in split liver transplantation. To note the extravasation of contrast material into the fluid collection (arrows in a, b) before it has
opacified the bile ducts (open arrowhead in c).
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ABSCESS
Intrahepatic abscess often occurs secondary to liver infarction.62
Predisposing factors include biliary stricture, arterial in-
sufficiency and immunosuppressive medications. The presence
of a complex fluid collection with a possible air–fluid level on
ultrasound and CT suggests an abscess (Figure 18). The treat-
ment consists of catheter drainage.63
RECURRENCE OF HEPATOCELLULAR
CARCINOMA AND DE NOVO NEOPLASMS
Despite the 5-year disease-free survival rate after LT of 60–80%
for HCC in cases with unresectable early stages of the neoplasm,
Figure 15. Bile duct strictures. (a) Maximum intensity projections of three-dimensional (3D) thin-slab fast spin-echo T2 weighted image
demonstrates the dilation and strictures of the intrahepatic biliary of both left and right lobes. (b) Coronal T2 weighted image shows
intrahepatic (open arrow) and anastomotic (arrow) strictures. (c, d)Maximum intensity projections of 3D thin-slab fast spin-echo T2 weighted
image and the corresponding T1 weighted MR cholangiography obtained after intravenous administration of a hepatobiliary contrast agent
(gadoxetic acid) show an anastomotic stricture (arrowheads). To note that MR cholangiography tends to overestimate biliary stricture.
Figure 16. Lithiasis of the bile ducts. (a, b) Coronal T2 weighted
image and maximum intensity projections of three-dimensional
thin-slab fast spin-echo T2 weighted image show the dilation of
both intra- and extrahepatic biliary tracts with the presence of
three stones (arrows) at the level of hepatic bifurcation, in the left
hepatic duct and in juxtapapillary site.
Figure 17. Haematoma. The day after liver transplantation,
ultrasound examination demonstrates a low-echogenicity fluid
collection in the hepatorenal region (asterisk). K, kidney; L, liver.
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recurrence at 4 years occurs in 10% of patients with HCC
according to the Milan criteria and in up to 60% of patients
with HCC not using Milan criteria.64 Established tumour-
related risk factors for HCC recurrence after LT include high
levels of alpha-fetoprotein, tumour grade, tumour stage and
vascular invasion, whereas the immunosuppression-related
risk factors for HCC recurrence consist primarily of the level
of immunosuppression.65–69
HCC most commonly recurs as lung metastases or as multiple
lesions within the liver graft (Figure 19).70 Development of other
neoplasms account for almost 30% of deaths 10 years after LT,
and they represent the most common cause of mortality in
patients after 1 year of LT.71 Post-transplantation lymphoproli-
ferative disorder is the most frequent de novo malignancy after
LT, accounting for approximately 20% of cases.72 Most of
the commonly occurring neoplasms in patients who have
Figure 18. Abscess. Axial and coronal CT post-contrast-enhanced images show a large multiloculated lesion in the right lobe of the
liver surrounded by other smaller fluid collections.
Figure 19. Recurrence of disease. (a, b) CT images 6 months after liver transplantation show multiple hypervacular nodules on the
arterial phase (a) with washout during the delayed phase (b) suggestive for hepatocellular carcinoma (HCC) recurrence (arrows).
(c) Axial MR image acquired during the arterial phase shows a hypervascular nodule near the anterior abdominal wall, as recurrence
of HCC (open arrow). (d) Axial MR image during the venous phase demonstrates a focal lesion on the surface of the diaphragm as
recurrence of hepatocholangiocarcinoma (arrowhead).
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undergone LT are skin cancers other than melanoma, Kaposi
sarcoma and non-Hodgkin lymphoma.
CONCLUSION
Imaging is useful for the detection of early and late compli-
cations, as well as for long-term follow-up to assess trans-
plantation viability. Ultrasound is the primary imaging modality
used in the early and late surveillance of patients after LT. CTor
MRI is performed if a complication is suspected or demon-
strated using ultrasound. Owing to its high temporal and
spatial resolution, CT is the preferable second-level modality in
the evaluation of LT complications suspected on ultrasound.
MRI and mostly MRC are very useful in the evaluation of bile
duct complications.
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